A clue to the mechanisms of the induction of mossy fiber LTP has been provided recently by the finding that 1 ( 
LY382884 significantly reduced the peak amplitude of
rons. An effect via polysynaptic pathways is very unlikely to explain the effects of LY382884 described here, due the fEPSPs during the high-frequency train (100 Hz, 1 s; Figure 1 ). The LY382884-sensitive facilitation was evito its very rapid effect on frequency facilitation. Indeed, we believe that a significant involvement of polysynaptic dent by the peak of the second fEPSP and persisted for the duration of the high-frequency train. pathways in the synaptic responses is unlikely under the conditions of the present experiments. For example, To investigate the mechanism of this effect, we made patch-clamp recordings from CA3 neurons and studied we saw no change in the decay kinetics of AMPA receptor-mediated components during high-frequency transthe synaptic response during brief, high-frequency stimulation of mossy fibers, following blockade of NMDA mission, which would be expected if polysynaptic components were progressively recruited ( D of AMPA receptor and GABA A receptor-mediated conductances. Consistent with the extracellular data, 10 M LY382884 receptor-mediated EPSCs: single shock ϭ 14.4 Ϯ 1.5 ms; fifth EPSC in 100 Hz train ϭ 13.1 Ϯ 0.7 ms; p Ͼ 0.2; had no effect on the EPSC evoked by low-frequency stimulation or on the first EPSC in a high-frequency train n ϭ 8). However, to formally exclude the possibility of a polysynaptic involvement in the effect, we performed (of five shocks delivered at 100 Hz). However, it caused a substantial, reversible reduction in the amplitude of additional experiments under both current and voltageclamp conditions using modified divalent cations, which the subsequent EPSCs in the train (Figure 2 ). This effect was rapid and pronounced since the facilitation of the suppress the activation of polysynaptic pathways. Altering the Ca 2ϩ :Mg 2ϩ ratio from 2:1 to 1:3 led to a substantial second EPSC in the train was inhibited by 67% Ϯ 12% (n ϭ 9; p Ͻ 0.01).
reduction in the size of EPSPs (depression ϭ 73% Ϯ 5%; n ϭ 7), and the trains of five shocks did not evoke One potential problem in studying mossy fiber synaptic transmission is the possibility of the recruitment of action potentials. However, in the same cells under voltage-clamp conditions using the same stimulus intensity, recurrent excitatory synapses made between CA3 neu- The effect of LY382884 (10 M) was selective for at Mossy Fiber Synapses Since LY382884 substantially antagonizes frequency famossy fibers, since high-frequency stimulation of associational-commissural fibers produced very little facilitacilitation within 10 ms (i.e., by the time of the second EPSC in the 100 Hz train), the effect cannot be due to tion (Salin et al., 1996) , and this was not significantly affected by LY382884 (Figures 4A and 4B Figure 4C ). These data suggest therefore that the end of the high-frequency train. We therefore examined the ability of LY382884 to inthis receptor might also contribute to the augmentation of mossy fiber synaptic transmission that is induced by hibit kainate currents in CA3 neurons. We used the application of low concentrations of kainate (50-200 nM), repetitive stimulation at low frequencies (Salin et al., 1996) . Consistent with this possibility, LY382884 (10 M)
in the presence of GYKI53655 (50 M), to specifically activate high-affinity kainate receptors that are concenantagonized augmentation, induced by the delivery of . to antagonize kainate currents in these neurons ( Figure  5D ). The main conclusion from these experiments is that
Collectively, these data demonstrate that 10 M LY382884 is a selective antagonist of presynaptic kaitic locus of expression (e.g., Zalutsky and Nicoll, 1990). Since only half the frequency facilitation is lost during nate receptors at mossy fiber synapses. At a concentration of 10 M, LY382884 blocks frequency facilitation LTP, this raises the possibility that there are two mechanistically distinct components to frequency facilitation. and also the induction of mossy fiber LTP (Bortolotto et al., 1999) . Therefore, this strongly suggests that freThese could be kainate receptor-dependent and -independent, and only one of these occludes with mossy quency facilitation, through this presynaptic kainate receptor mechanism, is necessary for the induction of fiber LTP. To determine whether the LTP expression mechanism occludes with the action of the presynaptic kainate receptor-dependent mossy fiber LTP. The occlusion experiment leads to a further prediction if the facilitatory kainate receptor is indeed the induction of the frequency facilitation, and this was associated with a complete loss in sensitivity to LY382884 (Figures trigger for mossy fiber LTP. Since the induction of mossy fiber LTP results in complete occlusion of the facilitatory 6D-6F). These data show that, although mossy fiber synapses can still exhibit a component of frequency presynaptic kainate receptor mechanism, it follows that kainate receptor-dependent mossy fiber LTP should, facilitation after LTP, the presynaptic facilitatory kainate receptor mechanism is selectively occluded.
unlike NMDA receptor-dependent LTP, be fully saturated by a single tetanus, under the conditions of our The ability to occlude the action of the facilitatory autoreceptor by inducing mossy fiber LTP enabled us experiments. Consistent with this prediction, we found that mossy fiber LTP was always saturated by a single to test directly our conclusion that LY382884 (10 M) does not directly affect postsynaptic kainate receptors tetanus (Figure 8 ).
To further investigate the mechanism of interaction at mossy fiber synapses. Thus, if the effects of LY382884 are solely via inhibition of the facilitatory presynaptic between kainate receptors and the expression of mossy fiber LTP, we performed one final series of experiments. kainate receptor, then LY382884 should have no effect (B) Kainate receptor-mediated EPSCs were evoked in this neuron by five shocks delivered at 100 Hz, in the continued presence of GYKI53655, and the effects of 10 M LY382884 compared in both inputs. LY382884 caused substantial inhibition of kainate receptor-mediated EPSCs in the control pathway (47% Ϯ 12% inhibition; n ϭ 7) but had no direct effect in the pathway that had undergone LTP (8% Ϯ 9% inhibition). The small decrease in the tetanized pathway can be fully attributed to slight run-down of kainate receptor-mediated EPSCs that was also observed in the absence of LY382884.
In two-pathway experiments, we tested the sensitivity loss of the K ϩ -evoked facilitation (Figure 9 ). Since elevating K ϩ will cause depolarization, this shows that the of mossy fiber synapses to low doses of kainate after the generation of LTP. In all experiments in which stable occlusion with mossy fiber LTP is via a process after the depolarization of mossy fibers and hence downstream LTP was induced, the ability of kainate (50 nM) to facilitate synaptic transmission was lost in the LTP pathway, from the activation of kainate receptors. while, in the same cell, the control pathway still exhibited facilitation in response to kainate (Figure 9 ). These data Discussion show that LTP either prevents the activation of the presynaptic kainate receptor or uncouples its activation
In this study, we have shown that the kainate receptor from the facilitation of L-glutamate release. In the same antagonist LY382884 is a selective antagonist for preexperiments, we also compared the sensitivity of LTP synaptic kainate receptors at the hippocampal mossy and control pathways to elevated K ϩ (from 3 to 7 mM), fiber synapse. This antagonist blocks the synaptic actisince this treatment also facilitates L-glutamate release vation of the facilitatory presynaptic kainate receptor at mossy fiber synapses (Schmitz et al., 2001) . The expression of mossy fiber LTP was also associated with and thereby reduces AMPA receptor-mediated synaptic tive for kainate receptors. For example, at the concentration we have used (10 M), it has no effect on the synapThese data demonstrate that the synaptic activation of the facilitatory presynaptic kainate receptor is critically tic activation of AMPA, NMDA, GABA A , or GABA B receptors (Bortolotto et al., 1999) . Surprisingly, it was involved in the mechanisms of mossy fiber LTP. 
Presynaptic Kainate Receptor
An unexpected observation is that the expression of Of the kainate receptor subunits, LY382884 is highly mossy fiber LTP selectively and fully occludes with the active at GluR5 homomers and GluR5-containing heterfacilitatory presynaptic kainate receptor mechanism. omers but is inactive at GluR6 and GluR7 homomers This is unlikely simply to be due to the change in probaand GluR6-KA2 heteromers (Bortolotto et al., 1999) . It bility of release, since approximately half of the freis not known whether it is active at other heteromeric quency facilitation remains after LTP induction, showing combinations of GluR5-lacking kainate receptors such that these synapses can still express an increase in as GluR6-KA1. Recently, on the basis of an analysis release probability. One possibility therefore is that the of knockout mice (Contractor et al., 2000) , it has been mechanism accessed by the facilitatory presynaptic kaisuggested that GluR6 but not GluR5 kainate receptors nate receptor is the same one that is selectively used are involved in the inhibition of mossy fiber synaptic as the expression mechanism of mossy fiber LTP. Given transmission in response to high concentrations (3 M) that K ϩ -induced facilitation of mossy fibers was also of kainate. However, a role of GluR5 in facilitation in occluded by LTP induction, one possibility is that the area CA3 was suggested on the basis of an analysis of expression mechanism of mossy fiber LTP involves a mEPSCs. A further analysis of these mice (Contractor long-term alteration in the sensitivity of the coupling et al., 2001) found that facilitation induced by low freof the release machinery to depolarization, perhaps by quencies (0.2-5 Hz) was suppressed in GluR6 but not modification of a voltage-gated ion channel. Future inGluR5 knockout mice, which is in apparent contradiction vestigations into this mechanism may enable further to our findings that LY382884 suppressed frequency novel insights into to the molecular mechanisms of exfacilitation at this low-frequency range. However, facilipression of mossy fiber LTP. tation at 100 Hz was not altered in the GluR6 knockout mice (no data were provided for the GluR5 knockout 
